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INTRODUCTION
Chalcone is an interesting compound since it has been well-known for its anticancer activity. In the last decade, it has been reported that chalcone is very active against various tumor cells [1, 2] . Chemically, chalcone is an α,β-unsaturated carbonyl compound and synthesized by condensation of aromatic aldehyde and acetophenone or its derivatives via Aldol reaction with base catalysts.
Nowadays, the need of environmental friendly base catalysts in chemical syntheses process is increasing, as methods of C-C bond forming in many organic reactions is delivered in a base catalyzed condensation reaction. It has been reported that the use of homogeneous base catalysts such as NaOH, NaOMe and KOH produced toxic waste, corrosion problems and high cost waste management [3, 4] . However, these problems can be minimized when solid base catalyst, such as metal oxide is used [5, 6] .
One of the promising solid catalyst support is CaO, because it is a nontoxic compound, cheap and easy to obtain. Therefore, in this research we used CaO to support base catalyst for aldol condensation to produce chalcone. The CaO compound was produced by thermal decomposition of calcium carbonate obtained from chicken eggshells. Consequently, in this work, chicken eggshells waste was used as the source of CaO.
MATERIALS AND METHODS
General and Instrumentation. All chemicals were in analytical grade (Sigma-Aldrich, Merck and another commercial suppliers) and used without any further purification. Elemental analysis of the catalyst was carried out by Energy Dispersive X-Ray spectroscopy. Functional group analysis was carried out using Shimadzu Prestige-21 in KBr pellet. Powder X-Ray Diffraction (XRD) patterns were recorded in the range of 20 ο -80 ο with scan speed 2 ο /min and sampling pitch 0.02 ο in a D8 Bruker diffractometer (40 kV and 30 mA) with Cu-Kα radiation (0.154 nm). Thermogravimetric (TGA) experiment was conducted on STA 409 PC Luxx thermal analysis instrument (NETZSCH, Germany) under a flow of nitrogen. Visualization of surface morphology was conducted using FESEM (Hitachi S4160) at accelerating voltage of 20 kV. Nitrogen adsorption isotherm was used to determine surface area of the catalyst using Brunauer-Emmett-Teller (BET) method.
Catalyst Preparation. The Na-CaO catalyst was prepared based on previous work with modification [7] . The CaO compound as supporting catalyst was produced from chicken eggshells waste. The chicken eggshells were boiled in distilled water then dried in oven at 120 ο C for 2 h. Afterward, the chicken eggshells were calcined at 900 ο C under atmospheric air in a furnace to produce activated chicken eggshells with CaO as major component. Na-CaO was obtained by wet impregnation of 3% NaOH solution, and followed by calcinations to activate the catalysts.
Chalcone Syntheses and Optimization Procedure. A mixture containing acetophenone (5 mmol), vanillin (5 mmol), 5 ml of solvent and catalyst were magnetically stirred and monitored by TLC analysis. Various reaction optimizations were conducted such as weight of catalyst, temperature, reaction time and type of solvents. The reaction mixtures generated a yellowish color and the yellowish filtrate was collected by filtration. The filtrate was evaporated to give yellowish solid of chalcone. Reusability of the catalyst was studied by using the same catalyst for next running. The catalyst was washed with hot ethanol and activated at 400 ο C before reused. Spectra data of the synthesized chalcone ((E)-3-(4-hydroxy-3-methoxyphenyl)- 
RESULTS AND DISCUSSION

Catalyst Characterization
Chicken eggshells are fully biodegradable, biocompatible and recyclable material with more than 90% mass percentage by CaCO 3 [8] [9] [10] . Therefore, eggshells waste can be considered to be relatively pure naturally occurred carbonate-based material. Elemental analysis of the activated chicken eggshells (CaO as a major component) and Na-CaO catalysts were performed using Energy Dispersive X-Ray spectroscopy, and showed that CaO contains Ca (55.63%), O (36.53%) and minor portion of C (5.64%), Mg (1.52%) and Na (0.68%). Wet impregnation of sodium on CaO solid support resulting Na-CaO catalysts with percentage of elements as follows: Ca (43.72%), O (45.66%), C (5.47%), Mg (1.55%) and Na (3.60%). Increasing the sodium content by 2.92% signified the successive impregnation process.
Figure 1(a) shows the spectrum of chicken eggshells waste with CaCO 3 as major component [11] . Broad transmission at around 3400 cm -1 can be attributed to -OH stretching vibration from residual water molecules [9] . The weak band at approximately 1640 cm -1 is a contribution of C=O stretching vibration from carbonate functional group. Strong peaks at around 1500, 873 and 700 cm -1 are resulted from C-O stretching, out-of-plane, and in-plane bending vibration of CO 3 2-, respectively. Thermal decomposition of chicken eggshells causing the disappearance of C=O stretching vibration due to transformation of CaCO 3 to CaO. A sharp peak at 3650 cm -1 is attributed to -OH stretching vibration from Ca(OH) 2 as a result of chemical interaction between atmospheric water and surface of the catalyst. Strong and broad band at around 500 cm -1 indicated the presence of Ca-O vibration. In FTIR spectrum, NaCaO has identical peaks with CaO, this is signified the identical chemical properties of CaO and Na-CaO. The FTIR spectra in this research were in agreement with the earlier data [9, 10] . Calcinations temperature was studied by thermogravimetric analysis and it is found that 700 ο C is the suitable calcinations temperature for Na-CaO catalyst. The XRD patterns of raw chicken eggshells were identified, with the most intense peak at 2θ = 29.69 0 , signifying that calcite (CaCO 3 ) is the major phase in the chicken eggshells powder (see Fig. 1(b) ). The XRD patterns of chicken eggshells activated at 900 ο C for 4 h exhibit peaks at 2θ of 37.40; 53.92 and 32.25 ο which are indicated with the presence of lime (CaO). The XRD patterns of CaO and Na-CaO were identical with major peak of the calcite phase (2θ = 29.69 ο ), implying the calcium carbonate was totally converted to CaO (lime) phase. Major peaks of the XRD patterns of activated chicken eggshells were very similar with the previous research conducted by Hu et al. [12] and Kumar et al. [7] . Average crystallite size for CaO and Na-CaO were calculated using Debye-Scherer equation. The activated chicken eggshells generated nanocrystalline CaO with a crystallite size of 59 nm, whereas nanocrystalline Na-CaO was 50 nm, showed smaller crystallite size.
Total basicity of CaO and Na-CaO were determined by titration method following the previous procedure [11] . Briefly, 100 mg of sample was shaken in 10 mL of aqueous HCl (0.50 mol/L) for 3 h. Then the remaining acid was titrated with a standardized aqueous solution of NaOH (0.18 mol/L),). The amounts of basic sites are listed in Table  1 . It was discovered that the basicity of Na-CaO (35.09 mmol/g) is higher than CaO (26.73 mmol/g) obtained from chicken eggshells, whereas the basicity of the commercial is 33.93 mmol/g [13] . As shown in Table 1 the basicity of Na-CaO catalyst increased by the increasing temperature. It can be associated with the larger number of oxide anions (O 2-) than hydroxide anions (OH hydroxide anions.
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Optimization of Chalcone Synthese
Investigation of the Na-CaO catalytic performance was carried out in the acetophenone (5 mmol) and vanillin (5 mmol) product has similar IR spectrum to that of substituted chalcone and its derivatives in previous literatur identify the effect of sodium impregnation on the catalyst Fig. 3(a) ). A series of catalyst amount both CaO and Na-CaO. It can be associated accommodate the abstraction of H-α in obtained from calcinated chicken eggshells at 700 o C (A), with magnification are Na-CaO catalysts with magnification of 20,000x and 100,000x 
ptimization of Chalcone Syntheses
CaO catalytic performance was carried out in the green synthese (5 mmol) reaction via base-catalyzed aldol condensation has similar IR spectrum to that of substituted chalcone and its derivatives in previous literatur effect of sodium impregnation on the catalyst, first, the activity of CaO and Na-CaO A series of catalyst amount were used, and yield of chalcone was found around 10% CaO. It can be associated with a small number of catalyst particles which in aldol condensation. At higher catalyst amount, significant increase with magnification of 20,000x 000x, respectively CaO, (b) effect of temperature and (c) reaction time on the green syntheses of chalcone from condensation and the obtained has similar IR spectrum to that of substituted chalcone and its derivatives in previous literature [13] . To CaO was studied (see around 10% in addition to 0.1 g small number of catalyst particles which is not sufficient to significant increase on yields of chalcone was obtained, and Na-CaO was found to be more active and has higher catalytic activity compared to CaO alone. The optimum amount of Na-CaO catalyst was 0.3 g and increasing the amount more than 0.3 g did not deliver higher yield of chalcone. Reaction temperature was also varied in the range of room temperature to 75 ο C. At room temperature, aldol condensation catalyzed by Na-CaO only produced around 53% yield of chalcone, and increasing temperature to 60 ο C had a big role in improving the amount of chalcone due to higher kinetics energy of the reacted starting materials. The yield of vanillin-based chalcone became temperature-independent at more than 60 ο C, as shown in Fig. 3(b) . To monitor catalytic ability of Na-CaO based on shortening reaction time in chalcone syntheses, the reaction time variation was tested on chalcone syntheses from 0.5-2.0 h (see Fig. 3(c) ). The colorless mixture was found to have intense orange-brown color after 15 min, and the highest yield (97%) was achieved within 1 h reaction time. As a comparable situation, we also run the chalcone syntheses using 10% of NaOH solution as conventional homogeneous catalyst, resulting excellent yield (98%) but with longer reaction time (12 h). The chalcone syntheses using Na-CaO can be performed in very short reaction time and therefore, it was found to be more effective.
When the reactions were examined in different organic solvents, such as n-hexane, benzene, THF, ethanol absolute, diethylene glycol and water, we found the different yields of chalcone were generated, as shown in Table  2 . In general, higher yields were observed in the more polar solvents. For example, yield of chalcone was observed to be 83% with diethylene glycol which decreased to 5% with n-hexane as a solvent. It was demonstrated that from the eight tested solvents, ethanol absolute delivered the highest yield of the desired product (see Table 2 , No.7). It can be associated with the ability of ethanol to accommodate the polarity of vanillin and acetophenone compound, and stabilize the Na-CaO catalyst from the formation of gel deposits. The reaction was also carried out under solvent-free condition and the obtained yield was 69% but with longer time. The reusability of heterogeneous catalyst is another important factor in the development of green organic synthetic procedures. To investigate the reusability, Na-CaO catalyst was repeatedly used for chalcone syntheses under optimized conditions, namely 0.3 g Na-CaO amount, 60 ο C, 1 h reaction time and ethanol absolute as a solvent. As given in Fig. 4 , the reused Na-CaO can be very well recovered, but it was accompanied with partial loss of catalytic performance due to the decrease of chalcone amount produced. For an example, yield of chalcone was decreased from 97% (run 1) to 52% (run 3). The leaching of the active species from the support is the most common problem among the alkali metal ion impregnated heterogeneous catalysts [7, 14, 15] . The leached species did not only reduce the catalytic performance of Na-CaO after every successive run, but also may catalyze the chalcone syntheses in a similar manner as homogeneous catalyst.
CONCLUSIONS
The CaO for catalyst support has been isolated from the chicken eggshells waste, and the Na-Cao basic catalyst has been prepared by wet impregnated of NaOH solution on the CaO. The application of Na-CaO catalyst in the Aldol condensation reaction has produced 97% yield of chalcone in ethanol at 60 ο C for 1 h reaction. The Na-CaO could be used up to 5 times for the same reaction procedure, and can be highly recovered with partial loss of catalytic performance. Therefore, the Na-CaO catalyst is moderately reusable.
